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Abstract 
The paper suggests numerical and experimental computation methods of gas flow in short diffusers. The results of numerical 
investigations, carried out in ANSYS CFX for thirteen variants of turbulence, as well as experimental results are presented. For 
turbulence model k-ω, good repeatability of experimental data is obtained. The possibility of numerical computation 
methodology implementation while developing critical infrastructure systems with short diffusers is proved. 
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1. Introduction 
It is known that a diffuser is aimed to decrease gas dynamic looses thanks to the smooth transition from the 
smaller section of the flowing part to the bigger one. However, this idea works well until the angle of diffuser 
expansion is not more than 16-18 degrees. The more the angle of expansion, the higher is the pressure gradient in 
the diffuser near-wall part, which leads to the flow avulsion from diffuser walls; the more the angle of expansion is, 
the more the avulsion boundary moves towards the diffuser inlet. As a result, in a short diffuser with the big 
expansion angle (more than 90 degrees) a bigger part of the flow at the outlet moves mainly in the central part, 
which is the projection of the diffuser inlet [1]. 
Short diffusers are widely used in filters and heat exchangers of the critical infrastructure systems, where the 
requirement of providing uniform flow at the inlet diffuser section and reduction of overall dimensions are relevant 
[2]. There are various technical solutions and recommendations on the diffuser work improvement [3, 4], but the 
influence of these structural modifications on the functional efficiency of critical infrastructure systems elements is 
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understudied. The solving of this task requires carrying out gas dynamic research with the aim of obtaining 
recommendations on designing flow part of critical infrastructure systems elements with a short diffuser. 
Nowadays, various programs are widely used for carrying out gas dynamic researches, one of them being 
ANSYS CFX. They provide solving a wide range of tasks, though, in every particular case, there is a question about 
the reliability of the obtained results, which depends on the characteristic of the object [5-8]. At the same time, there 
is some data [9], proving the significant difference in quantitative results of diffuser calculations and a good 
qualitative results of the gas stream flow characteristics. That is why the task of development methodology of gas 
flow computation in short diffusers is up-to-date and is the object of this paper. 
2. Study subject 
The subject of the study is velocity profile of the air stream in the flow part, containing a short diffuser. The flow 
moves along the straight pipeline, and then to the flow part of this or that device or unit (heat exchanger, filter and 
so on), consisting of a short diffuser and a body (fig. 1). The first alternative is that the diffuser flow part cannot 
have any additional elements; the second alternative is that some additional equally spaced cone guides can be 
placed there. Velocity profile is considered in the pipeline at some distance from the diffuser inlet (section а-а), as 
well as after the diffuser (section b-b). 
Fig. 1. Model for carrying out numerical research: а-а – section, where velocity profile before the diffuser was measured; b-b – section, where 
velocity profile after the diffuser was visualized. 
3.  Methods 
3.1. Experimental methods 
With the purpose of computational model verification experimental test bench with the analogous to the 
computational model geometry and layout was designed and made (fig. 2). Methodology of the experimental 
research consists of two parts: measuring velocity profile before the diffuser and visualizing velocity profile after the 
diffuser. 
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Fig. 2. Experimental test bench for the verification of the computational model: а-а – section, where velocity profile before the diffuser was 
measured ; b-b – section, where velocity profile after  the diffuser was visualized; 1 – static pressure tube; 2 – total pressure tubes; 3 – short 
diffuser; 4 – concentric guides; 5 – case with fabric. 
During the first part, air flow was supplied into the pipeline, the pressure being atmospheric, the temperature 
being 25 °С and the volume flow rate being 65 m3/ hour. With the digital differential pressure gauge, one end of 
which was connected to the static pressure tube, while another one was alternately connected to each of total 
pressure 19 tubes, pressure drop in corresponding part of a pipeline section was measured. Then, according to the 
measured pressure drop, flow speed in the corresponding flow point was calculated [10].  Velocity profile was 
developed on the basis of calculation results for the total pressure central tube, located on the pipeline axis, as well 
as on the basis of average values, obtained for each of the three diameters, where the measurements were carried out 
by the rest total pressure tubes. 
During the second part, the pipeline area with tubes was replaced by the analogous one without tubes, but with a 
device of contaminant supply (fine breeze). After the diffuser the case with air-permeable white fabric which 
entrapped coal particles on its surface was placed. Supposing, that the path of particles coincides with the air 
trajectory, according to the profile of the entrapped particles on the fabric surface it is possible to tell the character 
of the air at the diffuser outlet. Visualization was made for the diffuser with equally spaced cone guides and without 
them. Flow parameters are the following: volume flow rate is 65 m3/hour, temperature is 25 °С, pressure is 
atmospheric.  
3.2. Computational method 
Numerical research was carried out in ANSYS CFX package on the basis of the designed and developed 3D 
model of the study subject, shown in fig. 1. Computation included the following stages: geometrical model import; 
dividing the model into the final elements net; specification of initial and boundary conditions; calculation; 
analyzing the results. Input boundary condition – average flow velocity Vm, calculated on the basis of the 
experimental data. Output boundary condition is pressure, equal to atmospheric. Working object is air with 
temperature 25° С; the flow is isometric. The research was carried out for thirteen turbulence types: SST, none 
(Laminar), k-ε, BSL Reynolds Stress, SSG Reynolds Stress, Zero Equation, RNG k-ε, k-ω, Eddy Viscosity, BSL, 
LRR Reynolds Stress, QI Reynolds Stress, Omega Reynolds Stress. For each turbulence type before the diffuser in 
points, corresponding to the total pressure tap-off points at the test bench, flow velocity was measured, at the 
diffuser output velocity profile was developed for two variants of the diffuser (with guides and without them). 
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4. Results and discussion 
Verification of the computational method was carried out on the basis of the comparison of the velocity profiles, 
measured in the pipeline before the diffuser, and obtained visually just after the diffuser. The research itself was 
carried out in two variants simultaneously: with cone guides, equally placed in the diffuser flow part, and without 
them. When comparing velocity profiles (fig. 3) it was found out, that most close to the experimental ones, 
computational values were obtained for turbulences SST, BSL Reynolds Stress, k-ω, BSL и Omega Reynolds 
Stress, from which the least расхождение (no more than 1.6%) corresponds to k-ω turbulence. Comparison of the 
visual flow stream profile at the diffuser outlet (fig. 4) obtained for turbulence k-ω and in the experiment has shown 
likewise flow movement profile.  
 
Fig. 3. Veocity profile, obtained after numerical and experimental computation. 
The results given in the paper prove the verification of calculation methodology and its applicability for 
numerical research and short diffusers design. 
5. Conclusion 
Summing up, the methodology of gas flow computation in short diffusers is developed. Comparison analysis of 
the numerical and experimental results obtained has proved the applicability of numerical computation methodology 
with using turbulence model k-ω, the discrepancy with the experiment being no more than 1.6%. This let us 
underline the possibility of its implementation while designing short diffusers, including those of the critical 
infrastructure systems. 
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Fig. 4. Visualization of the flowstream  at the diffuse output, obtained after numerical (up) and experimental computation (doen) for short 
diffuser with с guides (right) and without them (left). 
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